
1) Кластерный анализ проводится с помощью модифицированной версии 
свободно распространяемого программного пакета GROMACS. 
Для установки модифицированной версии программы GROMACS версии 5.1.4 в 
каталог пользователя на системе Linux необходимо выполнить 
последовательность команд, приведенную ниже. 
wget ftp://ftp.gromacs.org/pub/gromacs/gromacs-5.1.4.tar.gz 
tar xfz gromacs-5.1.4.tar.gz 
wget http://media.biophys.msu.ru/gmx_cluster-5.1.4.patch 
patch -p0 < gmx_cluster-5.1.4.patch 
cd gromacs-5.1.4 && mkdir build && mkdir run && cd build 
cmake .. -DGMX_FFT_LIBRARY=fftpack -DCMAKE_INSTALL_PREFIX=`pwd`/../run 
make install 
source ../run/bin/GMXRC 
Перед осуществлением кластерного анализа желательно рассчитать матрицу 
среднеквадратичных расстояний между всеми структурами в анализируемом 
ансамбле структур. 
gmx rms -s topol.pdb -f frames.xtc -fit none -o rms.xvg -m matrix.xpm -bin matrix.dat 
Для осуществления процедуры кластерного анализа нужно выполнить команду: 
gmx cluster -method density -M 100 -dmb matrix.dat -s topol.pdb -f frames.xtc -nofit -
n topol.ndx -g clusters.log -rd clusters.xvg -ord ordered.xtc -cl clusters.pdb 
Параметр М выбирается порядка 1-5% от общего количества анализируемых 
структур. 
 

2) Для получения файла, содержащего координаты атомов всех структур 
определенного кластера потребуется создание индекс-файла, содержащего 
номера всех кадров этого кластера из “ordered.xtc”. Для получения такого 
файла вы можете использовать приведенный ниже скрипт. 

#!/usr/bin/python 
f1=int(input("Enter number of the first frame : ")) 
f2=int(input("Enter number of the last frame : ")) 
n1=input("Enter name of new file : ") 
f = open(n1, "w") 
f.write("[ Cluster_frames ]\n") 
for i in range(f1+1, f2+2): 
  f.write("%i\n"%(i)) 
f.close() 
 
Далее выполняется команда GROMACS: 
echo 0 | gmx trjconv -s cluster1.pdb -f ordered.xtc -fr cluster1.ndx -o cluster1.xtc 
 

3) Для расчета попарных расстояний между всеми аминокислотных остатков двух 
белков можно применить команду GROMACS: 

gmx pairdist -s cluster1.pdb -f cluster1.xtc -n chains.ndx -o dist1.xvg -refgrouping res -
selgrouping res -ref chB -sel chA 
 

4) Для анализа полученной матрицы потребуется последовательность 
аминокислотных остатков, входящих в каждый из исследуемых белков. 
Получить ее можно с применением скрипта, приведенного ниже: 



#!/usr/bin/python 
import sys 
if len(sys.argv) <= 1: 
    print('usage: python pdb2fasta.py file.pdb > file.fasta') 
    exit() 
input_file = open(sys.argv[1]) 
letters = {'ALA':'A', 'ARG':'R', 'ASN':'N', 'ASP':'D', 'CYS':'C', 'GLU':'E', 'GLN':'Q', 'GLY':'G', 
'HIS':'H', 'HSD':'H', 'HSE':'H', 'ILE':'I', 'LEU':'L', 'LYS':'K', 'MET':'M', 'PHE':'F', 'PRO':'P', 
'SER':'S', 'THR':'T','TRP':'W', 'TYR':'Y', 'VAL':'V'} 
print('>',sys.argv[1]) 
prev2 = 'X' 
prev3 = '-1' 
for line in input_file: 
    toks = line.split() 
    if len(toks)<1: continue 
    if toks[0] != 'ATOM': continue 
    if toks[4] != prev2: 
        sys.stdout.write('\n>chain_%c\n'%toks[4]) 
    if toks[5] != prev3: 
        sys.stdout.write('%c' % letters[toks[3]]) 
    prev2 = toks[4] 
    prev3 = toks[5] 
sys.stdout.write('\n') 
input_file.close() 
 

5) Для получения ранжированного списка контактов в кластере можно применить 
скрипт, приведенный ниже: 

#!/usr/bin/python 
import numpy as np 
distances = np.loadtxt('cluster2_dist.xvg', skiprows=24) 
sequence1 = 
'VEVLLGGGDGSLAFLPGDFSVASGEEIVFKNNAGFPHNVVFDEDEIPSGVDAAKISMSEED
LLNAPGETYKVTLTEKGTYKFYCSPHQGAGMVGKVTVN' 
sequence2 = 
'YPIFAQQNYENPREATGRIVCANCHLASKPVDIEVPQAVLPDTVFEAVVKIPYDMQLKQVLA
NGKKGALNVGAVLILPEGFELAPPDRISPEMKEKIGNLSFQNYRPNKKNILVIGPVPGQKYSE
ITFPILAPDPATNKDVHFLKYPIYVGGNRGRGQIYPDGSKSNNTVYNATAGGIISKILRKEKG
GYEITIVDASNERQVIDIIPRGLELLVSEGESIKLDQPLTSNPNVGGFGQGDAEIVLQDPLR' 
distances3d = distances[:,1:].reshape((distances.shape[0], len(sequence1), -1)) 
s1=np.sum(distances3d<0.5,axis=0) 
sort1=s1[s1.nonzero()].argsort()[::-1] 
con1=list(zip(np.argwhere(s1)[sort1],s1[s1.nonzero()][sort1]/float(distances3d.shape[0]))) 
for i in con1: 
    print('%s%d -- %s%d\t%4.2f'%(sequence1[i[0][0]],i[0][0]+1,sequence2[i[0][1]],i[0][1]+1, i[1] 
)) 
 

6) Для построения графика изменения числа контактов можно применить скрипт: 
#!/usr/bin/python 



import numpy as np 
import matplotlib.pyplot as plt 
from mpl_toolkits.axes_grid1 import host_subplot 
from mpl_toolkits import axisartist 
distances = np.loadtxt('dist1.xvg', skiprows=23) 
distances_fe = np.loadtxt('cu_fe_distance.xvg', skiprows=23) 
sequence1 = 
'VEVLLGGGDGSLAFLPGDFSVASGEEIVFKNNAGFPHNVVFDEDEIPSGVDAAKISMSEED
LLNAPGETYKVTLTEKGTYKFYCSPHQGAGMVGKVTVNX' 
sequence2 = 
'YPIFAQQNYENPREATGRIVCANCHLASKPVDIEVPQAVLPDTVFEAVVKIPYDMQLKQVLA
NGKKGALNVGAVLILPEGFELAPPDRISPEMKEKIGNLSFQNYRPNKKNILVIGPVPGQKYSE
ITFPILAPDPATNKDVHFLKYPIYVGGNRGRGQIYPDGSKSNNTVYNATAGGIISKILRKEKG
GYEITIVDASNERQVIDIIPRGLELLVSEGESIKLDQPLTSNPNVGGFGQGDAEIVLQDPLRX' 
distances3d = distances[:,1:].reshape((distances.shape[0], len(sequence1), -1)) 
contacts3d = distances3d < 0.5 
hydrophobic = 'GAVLIFMCYW' 
def mask_chars(st, chs): 
    return np.argwhere(np.isin(np.frombuffer(st.encode(), dtype=np.uint8), 
np.frombuffer(chs.encode(), dtype=np.uint8))).ravel() 
def get_masked(c3d, chs1, chs2, sequence1=sequence1, sequence2=sequence2): 
    return c3d.take(mask_chars(sequence1, chs1), axis=1).take(mask_chars(sequence2, 
chs2), axis=2) 
def moving_average(x, w): 
    return np.convolve(x, np.ones(w), 'valid') / w 
plt.figure(figsize=[10,5]) 
host = host_subplot(111, axes_class=axisartist.Axes) 
plt.subplots_adjust(right=0.70) 
 
par1 = host.twinx() 
par2 = host.twinx() 
par3 = host.twinx() 
 
par2.axis["right"] = par2.new_fixed_axis(loc="right", offset=(50, 0)) 
par3.axis["right"] = par3.new_fixed_axis(loc="right", offset=(100, 0)) 
 
par1.axis["right"].toggle(all=True) 
par2.axis["right"].toggle(all=True) 
par3.axis["right"].toggle(all=True) 
 
p1, = host.plot(moving_average(distances_fe[:,0]/1000, 20), 
moving_average(distances_fe[:,1], 20), label="Cu-Fe distance", linewidth=3) 
p2, = par1.plot(moving_average(distances_fe[:,0]/1000, 20), 
moving_average(contacts3d.sum(axis=(1,2)),20), label="All contacts") 
p3, = par2.plot(moving_average(distances_fe[:,0]/1000, 20), 
moving_average(get_masked(contacts3d, 'DE', 'KR').sum(axis=(1,2)) + 
         get_masked(contacts3d, 'KR', 'DE').sum(axis=(1,2)), 20), label="Electrostatic 
contacts") 



p4, = par3.plot(moving_average(distances_fe[:,0]/1000, 
20),moving_average(get_masked(contacts3d, hydrophobic, hydrophobic).sum(axis=(1,2)), 
20), label="Hydrophobic contacts") 
host.set_xlim(0, max(distances_fe[:,0])/1000) 
host.set_ylim(min(distances_fe[:,1]), max(distances_fe[:,1])) 
par1.set_ylim(-0.1, max(contacts3d.sum(axis=(1,2)))) 
par2.set_ylim(-0.1, max(get_masked(contacts3d, 'DE', 'KR').sum(axis=(1,2)) + 
         get_masked(contacts3d, 'KR', 'DE').sum(axis=(1,2)))) 
par3.set_ylim(-0.1, max(get_masked(contacts3d, hydrophobic, 
hydrophobic).sum(axis=(1,2)))) 
               
host.set_xlabel("Time, ns") 
host.set_ylabel("Cu-Fe distance") 
par1.set_ylabel("All contacts") 
par2.set_ylabel("Electrostatic contacts") 
par3.set_ylabel("Hydrophobic contacts") 
 
host.legend() 
 
host.axis["left"].label.set_color(p1.get_color()) 
par1.axis["right"].label.set_color(p2.get_color()) 
par2.axis["right"].label.set_color(p3.get_color()) 
par3.axis["right"].label.set_color(p4.get_color()) 
 
plt.show() 
 
 

7) Для расчета количества воды вблизи гидрофобных аминокислотных остатков 
двух белков можно применить команду GROMACS: 

gmx select -s topol.tpr -f traj.xtc -os water_around_system_5A.xvg -n 
hydrophobic_amino.ndx -select "name OW and within 0.5 of group Hydrophobic_System" 
gmx select -s topol.tpr -f traj.xtc -os water_around_chA_5A.xvg -n hydrophobic_amino.ndx -
select "name OW and within 0.5 of group Hydrophobic_chA" 
gmx select -s topol.tpr -f traj.xtc -os water_around_chB_5A.xvg -n hydrophobic_amino.ndx -
select "name OW and within 0.5 of group Hydrophobic_chB" 
 

8) Для построения графика изменения числа молекул воды можно применить 
скрипт: 

#!/usr/bin/python 
import pandas as pd 
from mpl_toolkits.axes_grid1 import host_subplot 
from mpl_toolkits import axisartist 
import matplotlib.pyplot as plt 
base1= 'cu_fe_distance' 
distances_fe = pd.read_csv(base1+'.xvg', sep='\s+', skiprows=24,header=None) 
base2= 'water_around' 
water_molA_hyd = pd.read_csv(base2+'_chA_5A.xvg', sep='\s+', 
skiprows=23,header=None) 



water_molB_hyd = pd.read_csv(base2+'_chB_5A.xvg', sep='\s+', 
skiprows=23,header=None) 
water_molS_hyd = pd.read_csv(base2+'_system_5A.xvg', sep='\s+', 
skiprows=23,header=None) 
def moving_average(x, w): 
    return np.convolve(x, np.ones(w), 'valid') / w 
plt.figure('Mix2',figsize=[10,5]) 
host = host_subplot(111, axes_class=axisartist.Axes) 
plt.subplots_adjust(right=0.70) 
 
par1 = host.twinx() 
par2 = host.twinx() 
par3 = host.twinx() 
par4 = host.twinx() 
 
par2.axis["right"] = par2.new_fixed_axis(loc="right", offset=(50, 0)) 
par3.axis["right"] = par3.new_fixed_axis(loc="right", offset=(100, 0)) 
par4.axis["right"] = par4.new_fixed_axis(loc="right", offset=(150, 0)) 
 
par1.axis["right"].toggle(all=True) 
par2.axis["right"].toggle(all=True) 
par3.axis["right"].toggle(all=True) 
par4.axis["right"].toggle(all=True) 
n_len=10 
p1, = host.plot(moving_average(distances_fe[0]/1000, n_len), 
moving_average(distances_fe[1], n_len), label="Fe-Fe distance", linewidth=3) 
p2, = 
par1.plot(moving_average(water_molS_hyd[0]/1000,n_len),moving_average(water_molS_hy
d[1], n_len), label="Water around all hydrophobic amino acids") 
p3, = 
par2.plot(moving_average(water_molA_hyd[0]/1000,n_len),moving_average(water_molA_hy
d[1], n_len), label="Water around Pc hydrophobic amino acids") 
p4, = 
par3.plot(moving_average(water_molB_hyd[0]/1000,n_len),moving_average(water_molB_hy
d[1], n_len), label="Water around CytF hydrophobic amino acids") 
p5, = 
par4.plot(moving_average(water_molS_hyd[0]/1000,xz1),moving_average(water_molA_hyd[
1]+water_molB_hyd[1]-water_molS_hyd[1], n_len), label="Water around (CytF+Pc) - all 
hydrophobic amino acids") 
host.set_xlim(0, 1000) 
host.set_ylim(1, 4.5) 
par1.set_ylim(1000, 1170)  
par2.set_ylim(300, 375)  
par3.set_ylim(700, 850)  
par4.set_ylim(-5, 50) 
host.set_xlabel("Time, ns") 
host.set_ylabel("Cu-Fe distance") 
par1.set_ylabel("Water around all hydrophobic amino acids") 



par2.set_ylabel("Water around Pc hydrophobic amino acids") 
par3.set_ylabel("Water around CytF hydrophobic amino acids") 
par4.set_ylabel("Water around (CytF+Pc) - all hydrophobic amino acids") 
host.legend() 
host.axis["left"].label.set_color(p1.get_color()) 
par1.axis["right"].label.set_color(p2.get_color()) 
par2.axis["right"].label.set_color(p3.get_color()) 
par3.axis["right"].label.set_color(p4.get_color()) 
par4.axis["right"].label.set_color(p5.get_color()) 
plt.show() 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


